Pressure half time has been assumed to be a relatively flow-independent measure of orifice area, but it may also be influenced by atrial and ventricular factors. Pressure half time and peak left ventricular inflow velocity were measured by continuous wave Doppler ultrasound in 164 patients with normally functioning Carpentier-Edwards, Bjork-Shiley, and Starr-Edwards mitral prostheses. Pressure half time was shorter in the BjorkShiley than in the other valve types and peak transmitral velocity was highest in the Starr-Edwards prostheses. These differences, however, were partly explained by coexistent differences in transmitral flow. Filling time accounted for 19% and stroke volume for 15% of the variance in pressure half time compared with only 5-6% for prosthetic design and 0O4% for annulus diameter when each of these variables was considered alone. The design of the prosthesis explained 18% of the variance in peak transmitral velocity, while cardiac output and annulus diameter did not contribute significantly. With Doppler ultrasound it is impossible to define reliable normal ranges for prosthetic function independently of atrial
and ventricular function. Formulas for orifice area based on peak transmitral velocity and flow seem more likely to reflect the behaviour of normally functioning prostheses than those based on pressure half time.
There are numerous published reports of mean values for pressure half time and peak transmitral velocity (or derived gradient and orifice area) in normally functioning mitral prostheses'-" (table 1). The implicit assumption has been that dysfunction can be detected as a departure from these values, but this has not been established and important, unexplained inconsistencies remain.
Pressure half time is assumed to be a reliable indicator of orifice area but it rarely correlates inversely with annulus diameter and may be surprisingly similar in prostheses of widely different design.5610 Furthermore, the mean pressure half time for one valve type can be highly variable' 3 and is far longer for a tricuspid prosthesis than for a mitral prosthesis of the same diameter.' Evidence is growing that factors other than the behaviour of the prosthesis may affect pressure half time; these include the shape and time course of left ventricular filling, stroke volume, and the transmitral pressure difference at the start of diastole."2" Except for 
when CO is cardiac output (1/min), SV is mean stroke volume (ml), and rate is heart rate derived from the mean cycle length over three cycles. Transmitral flow was calculated on each cardiac cycle from the formula: Q = 103 x SVm/DFP (2) when Q is flow (ml/s), SVm is mean stroke volume (ml), and DFP is diastolic filling period (ms).
We used the SPSSX program on the University of London computer for statistical analysis. It was first performed using the three individual values for pressure half time and peak transmitral velocity, but this gave results similar to those with the mean values for each patient. This may have been because there was little beat to beat variation in RR interval (F = 0 97; p = 0-38 by one way analysis of variance). Mean values were therefore used for further analysis. The factors controlling pressure half time and peak transmitral velocity were then assessed by multiple regressions by entering variables from among the following: diastolic time interval, diastolic filling period, transmitral flow, valve type, annulus diameter, cardiac output, presence of aortic regurgitation. The results for diastolic time interval were skewed and required log transformation before being analysed. Dummy variables were constructed for prosthetic type and annulus diameter. A p value of 0-01 was taken as significant for the multivariate analysis. contributed, but annulus diameter, transmitral p = 0 016) or annulus diameter alone (4-0/, flow, or the presence of mild aortic regurgita-F3, 160 = 2-2; p = 009). because in the present study the observed relation between heart rate and pressure half time varied widely. Therefore no simple correction of pressure half time for rate can be possible.
EFFECT OF ANNULUS DIAMETER AND TYPE OF PROSTHESIS
The inability of this study to show a major effect of prosthetic design and annulus diameter on pressure half time need not necessarily rule out an effect of orifice area. In the Carpentier-Edwards porcine bioprosthesis actual orifice area may vary by about 20% in valves of the same annulus diameter' and in the Starr-Edwards valve there is no simple central orifice. The Bjork-Shiley tilting disc prosthesis, however, has an area available for flow that is expected to reflect the annulus diameter more closely, but even in this valve type pressure half time was not related statistically to annulus diameter. It is possible that the type of prosthesis might have contributed more to the variance in pressure half time had valves with larger orifice areas such as the St Jude prosthesis been studied.3' If, however, valve behaviour were a major determinant of pressure half time, this should have been found in the prostheses studied because these show wide differences during in vitro testing.3233 Furthermore, we found that pressure half time is only moderately related to orifice area in vitro.'2 Thus there is good evidence that in normally functioning mitral prostheses pressure half time does not reliably reflect orifice area.
PEAK TRANSMITRAL VELOCITY
Peak transmitral velocity was most closely related to prosthetic design although in the Starr-Edwards prostheses it was also affected by cardiac output. This result is consistent with hydrodynamic work, showing that of the three valve types studied the Starr-Edwards offers the greatest resistance to flow and therefore produces the steepest slope when transmitral velocity is plotted against flow.3233 A close relation between flow and peak velocity has also been shown in fixed diaphragm obstructions.'
CLINICAL IMPORTANCE
The relatively minor effect of prosthetic design on pressure half time has important practical implications. Numerous studies have attempted to define normal ranges for prosthetic function based on pressure half time or effective orifice area derived from the Hatle formula (220/pressure half time) (table 1) . Differences between studies are likely to be related more to atrial or ventricular factors than to prosthetic function. Thus the range in mean pressure half time reported as normal for CarpentierEdwards prostheses, 90-136 ms, is wider than for the three prosthetic designs in this study.
It is therefore very unlikely that pressure half time can reliably detect minor changes in prosthetic function. Studies claiming that Doppler is highly sensitive for the detection of prosthetic obstruction have used patients already defined as normal or dysfunctional on clinical grounds.3489 None the less, severe 193 prosthetic obstruction is associated with a lengthened pressure half time.3 Furthermore, aortic regurgitation has been reported to lengthen pressure half time when the mitral valve is normal, but to have no effect where there is severe mitral stenosis.3536 These observations are consistent with the suggestion that orifice area is the most important constraint on pressure half time where there is significant mitral stenosis, whereas where the orifice is relatively large, other factors will be more important. The point at which this transition occurs is not yet known.
This study showed that pressure half time was statistically more closely related to diastolic filling time and stroke volume than to prosthetic design or annulus diameter. Peak transmitral velocity was related to prosthetic design and in the Starr-Edwards valve also to cardiac output. Pressure half time is unlikely to detect small changes in orifice area. Orifice area formulas based on transmitral velocity and flow such as the Gorlin formula25 are likely to reflect prosthetic mitral behaviour more accurately than the Hatle formula, which should be applied with caution in normally functioning mitral valve prostheses.
